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© Display control system. 

© Circuits (201 through 205, and 211 and 212) are 
provided for determining the use of a flat panel 
display such as a liquid crystal display (LCD) or a 
plasma display (PDP) based on a plurality of input 
conditions. A switch circuit (213) is provided for 
cutting off the supply of display driving power to the 
flat panel display unit when the display unit is not in 
use. Gate circuits (210 and 214) are provided for 
locking a LCD driving signal to a non-driven level 
when the non-use of the LCD is determined. A 



display controller controlling the display of a CRT 
display unit includes a display data conversion table 
(DAC) and a plurality of D/A converters. A circuit 
(208) is provided for inhibiting the supplement of 
clock pulses to a display data conversion table, 
when a display auto off is enabled, or an internal 
display controller is disabled. Circuits (206 and 207) 
are provided for cutting off the reference current of 
the display signal output to the D/A converters. 
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DISPLAY CONTROL SYSTEM 



The present invention relates to a display con- 
trol system suited for use in a laptop type personal 
computer, for example incorporating a plurality of 
types of display drive circuits. 

Recently, a variety of portable laptop type per- 
sonal computers operable by an internal battery 
have been developed. In order to expand applica- 
ble fields of these laptop type personal computers 
reflecting the improved performance characteristic, 
there is a positive demand to realize such display 
drive function capable of driving plural kinds of 
display devices. To satisfy this demand, it is es- 
sential for the laptop type personal computer to 
provide proper display control circuits for the dis- 
play devices of the computer. More specifically, 
when driving a flat-panel display such as a plasma 
display (hereinafter referred to as PDPV and a 
liquid crystal display (hereinafter referred to as 
LCD), and CRT display, for example, the PDP and 
the CRT -display can be controlled by common 
timing signals. On the other hand, the PDP and the 
LCD of both a flat-type display have different dis- 
play timing signals. For this reason, the PDP and 
the LCD must respectively have an independent 
display control circuits including display memories 
dedicated for the respective display units. 

However, when the display control circuits for 
the above display units are incorporated in the 
computer, the LCD display control circuit not used 
is set in an operative mode even if the PDP is 
being driven. For this reason, wasteful power dis- 
sipation is caused by the LCD display control cir- 
cuit. Particularly, when the computer is driven by 
the internal battery, the battery operation time is 
shortened. Furthermore, the flat panel display unit 
such as the PDP and the back-lit LCD requires a 
high voltage for illuminating the panel (a discharge 
voltage for the PDP and an electroluminescence 
(EL) drive voltage). For this reason, the drive power 
supply including the above high voltage circuit dis- 
sipates relatively large power. 

An object of the present invention is to provide 
a display control system which is used for a per- 
sonal computer capable of driving plural kinds of 
display units, which excludes wasteful power in a 
display system dissipating a large power in order 
to reduce the lead of a power supply and thus to 
prolong the battery operation time. 

According to a first aspect of the present in- 
vention, a display control system comprises: first 
display control means for driving a first display unit 
using a specific display element; second display 
control means for driving a second display unit 
using a display element different from that of the 
first display unit; means for determining the use of 



the first display unit; means for supplying power to 
said first and second display units; and means for 
cutting off the power to be supplied to said first 
display unit when the determining means deter- 

5 mines the non-use of the first display unit. 

According to a second aspect of the present 
invention, a display control system comprises: first 
display control means including a display-data con- 
version table, for driving a first display unit using a 

70 specified display element; second display control 
means for driving a second display unit using a 
display element different from that of the first dis- 
play unit; means for storing set data relating to the 
drive of the first display unit; means for supplying 

75 drive clock signals to the display data conversion 
table; and means for inhibiting the supplement of 
the drive clock signals to the display data conver- 
sion table in the first display control means when 
the set data designates a specific state. 

20 According to a third aspect of the invention, a 

display control system comprises: first display con- 
trol means including a digital-analog (D/A) con- 
verter, for driving a first display unit using a spe- 
cific display element a second display unit using a 

25 display element different from that of the first dis- 

v play unit; means for storing set data relating to the 
drive of the first display unit; means for supplying 
power to the D/A converter; and means for cutting 
off display signal current output from the D/A con- 

30 verier in the first display control means. 

According to a fourth aspect of the present 
invention, a display control system comprises: first 
display control means for driving a first display unit 
using a specific display element; second display 

as control means for driving a second display unit 
using a display element different from that of the 
first display unit; determining means for determin- 
ing the use of the first display unit; means for 
supplying display drive system signal to the first 

40 display unit; and means for locking inoperative 
level the display drive system signal of the first 
display control means when the determining means 
determines the non-use of the first display unit. 
According to a fifth aspect of the present in- 

45 vention, a display control system comprises: first 
display control means including a display memory, 
for driving a first display unit using a specific 
display element; second display control means for 
driving a second display unit using a display ele- 

50 ment different from that of the first display unit; 
determining means for determining the use of the 
first display unit; means- for supplying display drive 
signal to the display memory; and means for lock- 
ing inoperative level the display drive signal to be 
supplied to the display memory when the deter- 
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mining means determines the use of the first dis- 
play unit. 

According to a sixth aspect of the present 
invention, a display control method for a display 
system having at least a flat-panel display and a 
CRT display, comprising the steps of: (a) detecting 
a non-use state of the flat panel display; and (b) 
cutting off supplement of power to the flat-panel 
display unit when the flat panel display is not used. 

According to a seventh aspect of the invention, 
a display control method for a display system at 
least having a flat-panel display and a CRT display 
controller including a CRT pallet and a D/A con- 
verter, comprising the steps of: (a) detecting non- 
use state of. the CRT display; and (b) cutting off 
driving clock pulses to the CRT pallet when the 
CRT display is not used and cutting off reference 
current of a display signal output from the D/A 
converter. 

According to an eighth aspect of the invention, 
a display control method for a display system 
having at least a flat panel display displaying the 
content of a display memory and a CRT display 
unit, comprises the steps of: detecting non-use 
state of the flat-panel display; and (b) locking a 
drive signal to be supplied to the display memory 
to a non-drive level when the flat-panel display is 
not in use. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a schematic block diagram of an em- 
bodiment of a personal computer to which a 
display control system of the present invention 
is applied; 

Fig. 2 is a block diagram of the display control- 
lex_shown in Fig. 1; 
^FigTa^s a detailed block diagram of the display 
lySfetfon killer circuit provided in the display 
main controller shown in Fig. 2; 
Fig. 4 is a flowchart showing an initialization 
routine; 

Fig. 5 is a chart showing a correspondence 

between data to be set in registers REG1 

through REGS and types of display units; 

Fig. 6 is an example of setup menu screen for 

setting a display auto off mode; 

Fig. 7 is a flowchart showing a main part of the 

setup process routine: and 

Fig. 8 is a flowchart showing a display auto off 

processing routine. 
In Fig. 1, a central processing unit (CPU) 11 
comprises a 32-bit CPU chip for example, which 
controls the entire operations of the display control 
system. The CPU 11 is connected to internal data 
buses 12 and 13. Internal bus comprises an inter- 
na! data bus 12 and an internal address bus of 24- 



bit width. A numerical data processor 14 is option- 
ally connected to the internal data bus 12 via a 
connector. A system bus 15 comprises a data bus 
15D of 16-bit width, a lower address bus 15L of 20- 
5 bit width, and an upper address bus 15U of 7-bit 
width, respectively. A bus-driver (BUS-DRV) 15 
serves as an interface connecting the inner data 
buses 12 and 13 to the system bus 15. A bus- 
controller (BUS-CNT) 17 controls the system bus 
70 15. A memory controller (MEM-CNT) 18 controls 
transfer of addresses between the lower address 
bus 15L and the upper address bus 15U, and 
simultaneously controls data reading/writing oper- 
ations of main memory 19. 
75 A BIOS-ROM 20 stores a basic input and out- 

put system program (BIOS). The BIOS includes an 
initialization routine as shown in Fig. 4. An 
input/output decoder (I/O DEC) 21 decodes an 
input/output (I/O) addresses on the system bus 15 
20 and then transmits the decoded to addresses to 
the corresponding I/O chip. An input/output control- 
ler (I/O CONT) 22 controls input and output of data. 
A superintegration IC (Si) 23 incorporates a variety 
of I/O controllers including a floppy-disc interface, a 
25 hard-disc interface, a DMA controller, and an inter- 
rupt controller, or the like. A frequency controller 
(VFO) 24 generates clock pulses for a floppy-disc 
drive unit (FDD). A floppy-disc interface (FDD-l/F) 
25 and a hard-disc drive interface (HD-I/F) 26 inter- 
30 face a floppy disc and a hard disc with the superin- 
tegration IC 23, respectively. A keyboard controller 
(KBC) 27 is connected to the system bus 15, 
whereas a keyboard scan controller (SCC) 28 is 
connected to the keyboard controller 27. A backup 
35 RAM (B-RAM) 29 is available for executing a re- 
sume function. An extension memory card (EXTM) 
30 is optionally connected to extension memory 
card connectors C1 through C3. A clock module 
(TRC: real-time clock) 31 incorporates a dedicated 
40 drive battery and a memory (CMOS-RAM) backed 
up by this battery. An input/output port (PRT/FDD- 
lF) 32 is connected to an I/O unit such as an 
external floppy-disc drive (FDD) and a printer 
(PRT). An interface unit RS-232C is connected to a 
45 serial I/O interface (SIO) 33. 

An intelligent power supply unit (PS) 34 incor- 
porating a power control CPU (PC-CPU) supplies a 
power for driving the system. A pair of main bat- 
teries (BT-L and BT-R) can be connected to the 
so intelligent power supply unit (PS) 34. Under the 
control of the power control CPU (PC-CPU), the 
intelligent power supply unit 34 controls various 
driving power supplies. The respective power sup- 
ply statuses are notified to the CPU 11 via the 
55 input/output controller 22. A display controller 
(DISP-CNT) 35 serves as a display sub system in 
the system. More specifically, the display controller 
35 drives a flat panel display such as a plasma 
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display (POP), liquid crystal display (LCD) or a 
color panel (like color PDP or color LCD), and a 
CRT display (CRT). A variety of extension modules 
like the display controller 35 (serving as a display 
sub system) can be connected to an extension 
connector 36. A floppy disc drive 41 is incor- 
porated into the system and is connected to the 
floppy disc drive interface 25. A hard disc drive 
(HDD) 42 is connected to the hard disc drive 
interface 26. A keyboard unit 43 is connected to 
the keyboard scan controller 28. An numeric key 
pad 44 is also connected to the keyboard scan 
controller 28. A back-lit LCD 45, a PDP 46, and a 
CRT 47 are each connected to the display control- 
ler 35. A flat panel display connector C10 is con- 
nected to the display controller 35. Either connec- 
tor 11 of the LCD 45 or connector Cl2.of the PDP 

46 is connected to the flat panel display connector 
C10. The flat panel display connector C10 is pro- 
vided with two specified pins which generate sig- 
nals for identifying the connected flat panel display. 
The signal identifying the connected display is read 
by the CPU 11 via the I/O register of the display 
controller's. (See Fig. 3.) 

Fig. 2 is a block diagram showing an arrange- 
ment of the display controller 35 shown in Fig. 1 . A 
display main controller (CRT-CNT: PVGA) 131 has 
a display drive control function for driving the CRT 

47 with high resolution. A display controller (DC, 
HRGS-GA) 132 is a display control section of a 
gate array structure, and comprises a bus-interface 
circuit exchanging through the system bus 15 data 
of various display control systems with data from 
the CPU 11, and various functional circuits control- 
ling display of the LCD 45 and the PDP 46. The 
display controller 132 includes a display function 
killer circuit shown in Fig. 3. According to the state 
of the use of respective display units, the display 
function killer circuit selectively disables (locks to a 
non-driven level) the display drive function of the 
target display unit (including the flat panel display 
such as PDP, LCD, or color panel, and CRT dis- 
play) to eliminate a wasteful power consumed by 
the display drive control circuits for the display 
units which are in the non-driven state. A combina- 
tion of the display main controller (CRT-CNT: 
PVGA) 131 and the display controller 132 may be 
referred to as an internal display controller. 

A display data memory 133 stores display 
data. When driving display of the CRT 42 or the 
PDP 46. the display main controller 131 accesses 
the display data memory 133 for reading display 
data. A CRT display data generator (DAC) 134 
generates analog display data (R, G, and B) under 
the control of the display main controller 131. As 
shown in Fig. 3, the CRT display data generator 
134 comprises a CRT pallet (lookup table) and 
thre digital-analog (D/A) converters provided in 



correspondence with display three primary colors 
R, G, and G. A pair of frame memories 135a and 
135b each having a pair of dual ports 
(asynchronous input/output) store display data of 
5 the LCD 45. The frame memories 135a and 135b 
are accessed by memory access signals output 
from an FRAM control circuit (209 shown in Fig. 3) 
of the display controller 132, where the memory 
access signal includes FRA (RAS), FCA (CAS), 
70 WEU (write enable upper), WEL (write enable low- 
er), DT (data transfer), SC (serial clock), and FMA0- 
8 (memory address, 0-8). The frame memory 135a 
stores the upper half display data of the LCD 
display screen, whereas the frame memory 135b 
75 stores the lower half display data of the LCD dis- 
play screen. 

The display power supply control circuit (PSC) 
136 comprises switching gate circuits. In response 
to flat-panel display enable signal (FPEN shown in 
20 Fig. 3) from the display controller 132, the display 
power supply control circuit 136 selectively con- 
trols supply of display drive power (12VDC and 
5VDC) to the fiat-panel displays such as the LCD 
45 or the PDP 46. When the flat-panel display like 
25 the LCD 45 or the PDP 46 is not in use (FPEN = 
"0"), the display power supply control circuit PSC 
136 inhibits supply of display drive power (12VDC 
and 5VDC) to the flat panel display. 

Fig. 3 is a circuit block diagram of the display 
* 30 function killer circuit in the display controller 132 
shown in Fig. 2. According to the state of the use 
of respective controllable display units like the CRT 
display 47 and the flat panel display units like the 
LCD 45, PDP 46, or color panel, the display func- 
35 tion killer circuit selectively disables (locks into a 
non-driven level) display drive function of the dis- 
play units to prevent the power from wastefully 
being consumed by the display drive control cir- 
cuits of the display units in the non-driven state. 
40 Registers 201 through 205 are used to des- 

ignate display condition and display mode set in 
the initialization routine (BIOS-IRT) shown in Fig. 4. 
The register 201 is used to designate the use 
mode of the LCD 45 ("1": LCD use mode). The 
45 register 202 is used to designate the use mode of 
the CRT 47 ("1 ": CRT use mode). The register 203 
is used to designate enable/disable condition of the 
internal display controller set in the setup process 
("1": enable). The register 204 *is used designate 
so .enable/disable condition of the flat-panel display 
("1 w : enable). The register 205 is used to designate 
enable/disable condition of the CRT display data 
generator (DAC) 134. The registers 204 and 205 
are set to the enable ("1") condition as shown in 
55 Hg. 4 in the initialization. Thereafter, when the 
display auto off mode is set enabled in the setup 
process, and no key input operation within a period 
set by the setup process, the registers 204 and 
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205 are disabled ("0") under the control of the 
BIOS. 

Correspondence between the display types 
and data set in the registers 201 to 205 is shown in 
Fig 5. As shown in Fig. 5, when data is displayed 
on both the CRT 47 and the LCD 45, "1". "0". "1". 
and "1 rt are set in the registers 201 through 204, 
respectively. A mark "X" shown in the register 205 
stands for "dont care". When data is displayed on 
both the CRT 47 and the PDP 46. only the value 
"1" of the register 201 is changed to "0", whereas 
the content of other registers 202 through 205 
remains in the same state as those of the CRT 47 
and the LCD 45. When data is displayed on the 
CRT 47 alone, the contents of the registers 201 
and 204 turns into "dont care", whereas value "1" 
is set in other registers 202, 203, and 205, each. 

When data is displayed on an externally con- 
nected display unit, all of the CRT 47, LCD 45, and 
the PDP 46 must be disabled, and therefore "0" is 
set in the register 203. (The internal display con- 
troller is disabled.) The contents of the remaining 
registers 201, 202. 204, and 205 are set to "dont 
care". 

The display auto off mode automatically turns 
off the display when no key is actuated during a 
period set by a user in the setup processing. In 
order to set the display auto off mode, a setup 
menu screen as shown in Fig. 6 is displayed in the 
setup processing when the system is powered to 
urge the user to set the mode. The set items are 
displayed on the setup screen including a hard 
RAfyt size, a standard memory port address, an 
extended memory port address, a resume function, 
PRT-A-B, an inverse display, a display auto off 
time, a display mode, a built-in RS-232C port, a 
built-in modem, a built-in modem power, a low- 
battery speaker sound, a system speaker sound, 
and a printer port type. 

An operator moves a cursor to the item to be 
changed by using an arrow key, and then, de- 
presses a key to enter the necessary character 
or numerical value to change the content. If the 
M F1 " key is depressed, no change is made and the 
system setup processing is terminated. If the "F5" 
key is depressed, default values are set. If "F10" 
key is depressed, parameters set on the display 
are finally fixed. The setup relating to the present 
invention is the display auto off time. When the 
display auto off mode is set, the time is set on the 
setup screen during which no key operation is 
mode. After the set time has elapsed whil no key 
operation is made, the display is automatically 
turned off. 

The setup processing is shown in a flowchart 
of Fig. 7. Since only the display auto off is related 
to the present invention, only the portion thereof is 
shown in Fig. 7. The CPU 11 turns off. in step A1, 



the system reboot flag in order to disable the 
system reboot. More specifically, in this system, 
the CPU 11 refers to the system reboot flag after 
completing the setup process routine shown in Rg. 
5 7, and performs the system reboot if the flag is 
ON. When the system reboot is performed, the . 
BIOS in ROM 12 is executed to allow the CPU 11 
to read the setup parameters stored in RAM 13. 
Therefore, in the initial step of the setup process 
w routine, the system reboot flag is turned off. 

In step A2, the CPU 11 determines if the 
display auto off time has been changed. If not. the 
CPU 11 executes other setup processes. If the 
time has been changed the CPU 11 sets, in step 
75 A3, the display auto off enable/disable flag in a 
general register (not shown) in the RAM 19. In this 
case, if no display auto off time is set, the display 
auto off mode is disabled, if any display auto off 
time is set, the display auto off mode is enabled. 
20 Then, the CPU 1 1 sets the display auto off time set 
by a user in the RAM 19 In step A4. 

Rg. 8 shows a process routine of the display 
auto off mode. The CPU 11 determines, in step A1, 
if a key input is present. Upon determining the 
25 absence of the key input, the CPU 11 determines, 
in step B6, if the. display auto off mode is enabled. 
If the mode is disabled, the CPU 11 returns to a 
main routine. If the mode is enabled, the CPU 1 1 
counts the time during which no key input is 
30 present in step B7. Then, the CPU 1 1 determines, 
in step B8, if the counted value is larger than the 
time set in the RAM 19 in step A4 of Rg. 7. If the 
counted value is longer than the time in the RAM 
19, the CPU 11 determines, in step B9, if the 
35 display operation is being executed. If the display 
operation is being executed, the CPU 11 sets, in 
step B10, "0" in the registers 204 and 205. Then, 
the CPU 11 transmits, in step B11, the display auto 
off command to the power control CPU (PC-CPU) 
40 in the power-supply circuit 34. On receipt of the 
display auto off command, the power control CPU 
stops the supply of power to the back light. 

The NAND gate generates the reference cur- 
rent cut off enable signal (DDAC = "1") except 
45 when the register 203 indicates the enable ("1") 
state of the internal display controller and the regis- 
ter 205 indicates enable state ("I") of the CRT 
display data generator (DAC) 134. A constant cur- 
rent circuit 207 is provided with a circuit for cutting 
so off the reference current (IREF) flowing into the 
CRT display data generator ((DAC) 134, when the 
reference current cutoff enable signal (DDAC = 
"1") is output from th NAND gate 206. AND gat 
208 inhibits display clocks (DCLK) to be supplied 
55 to the CRT display data generator (DAC) 134, when 
the reference current cutoff enable signal. (DDAC = 
"1 ") is output from the NAND gate 206. The frame 
control circuit (FRAM) 209 generates memory ac- 
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cess signals including FRA (RAS), FCA (CAS), 
WEU (write enable upper), WEL (write enable low- 
er), DT (data transfer), SC (serial clock), and FMAO- 
8 (memory address 0-8) to access-control the 
frame memories 135a and 135b. The AND gate 
210 outputs the frame memory enable signal when 
the register 201 designates the use mode ( rt 1 ") of 
the LCD 45 and the flat-panel display enable signal 
(FPEN = "1") is output from the AND gate 213. 
The NAND gate 211 receives a state-determination 
signal indicating whether or not flat panel display is 
connected from the specified pin signals of the flat- 
panel display connector C10. The AND gate 212 
outputs "1 n level signal indicating that the flat pan- 
el display is in use when open/close switch SM of 
the flat panel display indicates that the panel cover 
is opened (switch off = "1" output) and also the 
NAND gate 211 indicates the connected state ("1") 
of the flat panel display. The AND gate 213 outputs 
flat-panel display enable signal (FPEN = "1"), 
when the register 202 indicates that the CRT mode 
is not set, and also when the register 203 indicates 
the enable state of the internal display controller, 
and when register 204 indicates the enable of the 
flat-panel display, and when the AND gate 212 
indicates the in-use of the flat-panel display. The 
NAND gate 214 controls output of the memory 
access signals (FRA, FCA, WEU, DT SC, and 
FMAO-8) from the frame control circuit FRAM 209 
in accordance with the frame memory enable sig- 
nal (FMEN). The NAND gate 214 outputs the above 
memory access signals to the frame memories 
135a and 135b, only when the frame memory 
enable signal (FMEN) is "1". The I/O register 215 
can be accessed by the CPU 11, and latches at 
bits 6 and 7 the specified pin signals of the con- 
nector C10 connecting the fiat-panel display. When 
the LCD 45 is connected to the connector C10 of 
the flat-panel display, the CPU 11 sets "0" to the 
bits 6 and 7 of the register 215. When the PDP 46 
is connected to the connector C10, the CPU 11 
sets "1 " to the bit 7 and "0" to the bit 6. When the 
color panel is connected to the connector C10, the 
CPU 1 1 sets "0" to the bit 7 and "1 " to the bit 6. 
When any flat-panel display is not connected, the 
CPU 11 sets "1 M to the bits 6 and 7. 

Fig. 4 is a flowchart showing a part of the 
initialization routine (BIOS-IRT) in BIOS-ROM 20. 
The CPU 11, determines, in step S1, if the PDP is 
connected in accordance with the bit 7 signal of 
the I/O register 215. The CPU 11 sets in steps S2 
and S3, data corresponding to the determination of 
step S1. The CPU 11 determines, in step S4, if the 
CRT is enabled in accordance with the CRT/panel- 
bit signal of the setup data stored in the battery 
backup memory (CMOS-RAM) in the clock module 
(RTC) 31. The CPU 11 sets, in steps S5 and S6, 
data in the register 202 corresponding to the deter- 



mination of step S4. The CPU 11 determines, in 
step S7, if the internal display controller enable bit 
signal of the setup data indicates the enable state. 
The CPU 11 sets, in steps S8 and S9, data in the 

5 register 203 corresponding to the determination of 
steps S8 and S9. The CPU 11 initializes the regis- 
ters 204 and 205 to "1", in steps S10 and S11. 

An operation of an embodiment of the present 
invention will now be described with reference to 

io Figs. 1 through 4. When the power is turned on, 
the initialization routine (BIOS-IRT) stored in the 
BIOS-ROM 20 under the control of the CPU 11. In 
the initialization routine, process for setting the 
registers 201 through 205 in the display controller 

75 132 is executed as shown in Fig. 4. More specifi- 
cally, the CPU 11 determines, in step S1, if the 
PDP is connected from the bit 7 signal of the I/O 
register 215 (step S1). When the flat panel display 
(LCD 45 or a color panel) other than the PDP 46 is 

20 connected, the CPU 11 sets, in steps S2 and S3, 
"0" in the register 201, and "1" in the register 201 
when the PDP 46 is connected. Then, the CPU 11 
reads the CRT/panel bit of the setup data stored in 
the battery backup memory (CMOS-RAM) in the 

25 timer module (RTC) 31. If the bit indicates the use 
of the CRT ("1"), the CPU 11 sets n 1 n in the 
register 202, and if not, sets "0" in the register 202 
(steps S4 to S6). Then, the CPU 11 reads the 
internal display controller enable bit of the above 

30 setup data. If the bit indicates the enable set state, 
the CPU 1 1 sets "1 " in the register 203. If the bit 
indicates the disable set state, the CPU 11 sets "0 n 
in the register 203 (steps S7 to S9). Then, the CPU 
11 initializes the register 204 indicating the 

35 disable/enable of the flat panel display and the 
register 205 indicating the disable/enable of the 
DAC 134 to "1" (steps S10 and S11). 

As described above, the registers 201 to 205 in 
the display controller 132 are set by the initialize 

40 routine (BIOS-IRT). Data set in the registers 201 
through 205 is used for the display function killer 
circuit which eliminates wasteful power otherwise to 
be consumed by the display drive control circuit of 
a not-driven display unit. More specifically, signal 
45 from the register 201 is delivered to the AND gate 
210. The signals from the registers 203 and 204 
are supplied to the AND gate 213. Furthermore, the 
signal from the register 202 is inverted by an 
inverter and then supplied to the NAND gate 206. 
50 Except for such cases in which the register 203 

designates enable condition ("1") of the internal 
display controller and the register 205 designates 
enable condition ("1") of the CRT display data 
generator (DAC) 134, the NAND gate 206 outputs 
55 the reference current cutoff enable signal (DDAC = 
"1 w ) to constant current circuit 207. 

On receipt of the reference current cutoff en- 
able signal from the NAND gate 206, the constant 
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current circuit 207 cuts off the reference current 
(IREF) flowing into the CRT display data generator 
(DAC) 134. Simultaneously, AND gate 208 inhibits 
the display clock (DCLK) from being supplied to 
the CRT display generator (DAC) 134, in response 
to the reference current cutoff enable signal (DDA 
= "1"). 

Accordingly, the display clocks (DCLK) are not 
supplied to the CRT pallet (lookup table) of the 
CRT display data generator (DAC) 134. Further- 
more, no generating current of display signals (R, 
G, and B) flow into the digital-analog (D/A) convert- 
ers for respective color components R, G. and B. 
As a result, driving currents for the D/A converters 
and the CRT palette are extremely reduced, result- 
ing in a large reduction of the power dissipation of 
the CRT display data generating section (DAC) 
134. 

Even when the CRT display 47 is driven by the 
internal display controller 35, if the display auto off 
mode is set enabled during the setup process, 
unless a key input is present via the keyboard unit 
43 within the predetermined time, the register 205 
is set to "0". As a result, the AND gate 206 outputs 
the reference current cutoff enable signal (DDAC = 
»1 -) in order to inhibit the supply of the display 
clocks (DCLK) to the CRT display data generator 
(DAC) 134, resulting in the reference current (IREF) 
being cut off. 

As described above, when the CRT display 47 
is driven by the use of the internal display control- 
ler 35, the display clock (DCLK) is selectively sup- 
plied to the CRT display data generator (DAC) 134 
except that the display auto off mode is enabled. 
Thus, the analog display signals R, G, and B with 
potentials corresponding to the display contents 
are generated. On the other hand, when the display 
auto off mode is enabled, the supplement of the 
display clocks (DCLK) to the CRT display data 
generator (DAC) 134 is cut off. Furthermore, cur- 
rent paths for generating R, G. and B signals are 
gated. In consequence, the CRT display data gen- 
erator (DAC) 134 enters into the least power con- 
suming state very close to the state of fully cutting 
off the power supply. 

The AND gate 213 outputs the flat panel dis- 
play enable signal (FPEN = "1") only when the 
register 202 designates the non-CRT mode; the 
register 203 designates the enable condition of the 
internal display controller; the register 204 des- 
ignates the enable condition of the flat-panel dis- 
play; and the AND gate 212 designates the use of 
the flat-panel display. The output of the AND gate 
213 is supplied to the AND gate 210 and the 
display power supply control circuit (PSC) 136. 

In accordance with the signal output from the 
AND gate 213, the display pow r supply control 
circuit (PSC) 136 controls the drive power supply 



(DC 12V and DC 4V) of the flat panel display such 
as the LCD 45 and PDP 46. More specifically, the 
display power supply control circuit (PSC) 136 sup- 
plies the power (DC 12V and DC*5V) to the flat 

s panel display such as the LCD 45 or the PDP 46 
only when receiving "1" level flat-panel display 
enable signal (FPEN = "1") from the AND gate 
213 for indicating that the flat panel display such as 
the LCD 45 or the PDP 46 is in use. In this case, 

70 using the DC 12V power supply generates either a 
high-voltage power for the back light of the LCD 45 
or a high-voltage discharge power for the PDP 46. 
On the other hand, the display power supply con- 
trol circuit (PSC) 136 cuts off the supplement of 

75 driving power (DC 12V and DC 5V) to the LCD 45 
or the PDP 46 when the flat panel display such as 
the LCD 45 or the PDP 46 is not in use and "1" 
level flat-panel display enable signal (FPEN = "1") 
is not output from the AND gate 213. Furthermore, 

20 even when the conditions of using the flat panel 
display are properly arranged, If the display auto 
off function is activated as a result of no key-input 
operation, the value of the register 204 turns into 
"0" to cause the AND gate 213 to output value "0". 

25 As a result, supply of the driving power (12VDC 
and 5VDC) to the LCD 45 and the PDP 46 is cut 
off. 

As described above, when the use condition of 
the flat panel display is not yet properly arranged, 

30* supply of the driving power (12VDC and 5VDC) to 
the display drive circuits for the LCD 45 and PDP 
46 is cut off. Accordingly, the supply of power to 
the circuits including high-voltage driving power 
generating circuit (DC-DC converter) consuming 

as much power is cut off. As a result, wasteful power 
consumption of flat panel display such as LCD 45 
and PDP 46 which are not in use can be pre- 
vented. 

The register 210 outputs frame memory enable 

40 signal (FMEN = "1") so that the AND gate 214 
can be opened only when the register 201 des- 
• ignates the use ("1") of the LCD 45 and also when 
the flat-panel display enable signal (FPEN = "1") 
is output from the AND gate 213. Accordingly, the 

45 respective memory access signals generated by 
the frame control circuit (FRAM) 209 such as FRA 
(RAS), FCA (CAS), WEU (write enable upper), WEL 
(write enable lower), and FMA0-8 (memory address 
0-8) are output to the frame memories 135a and 

so 135b via the AND gate 214. When the LCD 45 is 
not used and the AND gate outputs "0", the AND 
gate 214 is closed to lock every memory access 
signal generated by the frame control circuit 
(FRAM) 209 to the non-driven level ("1" - Vcc 

55 level). As a result, wasteful power consumption 
caused by access driving of the frame memories 
135a and 135b can be prevented. 

As described above, an arrangement where the 



7. 



13 



EP 0 419 910 A2 



14 



non-use state of the LCD 45 is determined by a 
plurality of condition signals and the display drive 
signals of the LCD 45 are locked to the non-driven 
level in accordance with the determination. As a 
result, wasteful consumption of power of the LCD 
45 when it is not used can be prevented. Thus, the 
power dissipation by the battery operation can be 
reduced drastically, resulting in a prolonged battery 

operation time. 

The provision of the display function killer cir- 
cuit shown in the above embodiment can selec- 
tively lock the display drive circuits of the display 
units such as a CRT and the flat panel display of a 
PDP. LCD, or a color panel to the non-driven level 
according to the use of the respective display 
units. As a result, wasteful power consumed by the 
drive circuit of the display which is not used can be 
eliminated, resulting in prolonged battery operation 
time. 

Note that the arrangement of the display con- 
troller 35 including the display function killer circuit 
is not limited to the embodiment shown in Figs. 2 
and 3. However, the condition signals and the 
target circuits to be controlled can be arbitrarily 
changed depending on the system arrangement 



Claims 

1. A display control system characterized by com- 
prising: 

first display control means (132) for driving a first 
display unit (46 (45)) using a specific display ele- 
ment; 

second display control means (131) for driving a 
second display unit (47) using a display element 
different from that of said first display unit; 
determining means (211 and 212) for determining 
the use of said-first display unit; 
means (136) for supplying power to said first and 
second display units; and 

means (213) for cutting off power to be supplied to 
said first display unit when the non-use of said first 
display unit is determined by said determining 
means. 

2. The system according to claim 1 , characterized 
by further comprising means (Fig. 4 SM and C10) 
for generating any of or combination of a first 
signal indicating whether or not said second dis- 
play unit is in use, a second signal indicating 
enable or disable state of said first and second 
display control means, a third signal indicating en- 
able or disable state of said first display unit, and a 
fourth signal indicating whether or not said first 
display unit is in use; and wherein said determining 
means further includes means for determining the 
non-use state of said first display unit according to 
any of or combination of the first through fourth 



signals. 

3. The system according to claim 2, characterized 
by further comprising: 

means (Figs. 6 and 7) for setting a display auto off 
5 mode in which the supplement of power to said 
first display unit is cut off to be enabled or disabled 
when no data is input during a predetermined pe- 
riod of time; and 

means (Fig. 8) for disabling the third signal when 
70 no data is input during the predetermined period of 
time while the display auto off mode is set to be 
enabled. 

4. The system according to claim 2, characterized 
in that said first display unit has a panel cover 

75 which can freely be opened and closed; said sys- 
tem further comprises: 

means (SM) for detecting open or closed condition 
of said panel cover; 

means (C10 and 211) for detecting if said first 
'20 display unit is connected to said display control 
system; and 

means (212) for outputting a fourth signal indicating 
that said first display unit is in use when said panel 
cover remains open and said first display unit is 
25 connected to said display control system. 

5. The system according to claim 2, characterized 
in that said first display unit comprises a flat panel 
display at least including a liquid crystal display 
(LCD), a plasma display (PDP), and a color panel, 

30 wherein said system further comprises: 

means (11) for detecting which one of said LCD, 
PDP, or color panel is connected to said display 
control system; and 

means (215) for holding the detected data. 

35 6. The system according to claim 5, characterized 
in that said means for detecting which one of said 
LCD. PDP, or color panel, is connected to said 
display control system further comprises means 
(11) for detecting that none of the flat panel dis- 

40 plays is connected to said display control system. 

7. The system according to claim 1, characterized 
in that said means for cutting off the power to be 
supplied to said first display unit includes means 
(136) for cutting off logic driving power to be sup- 

45 plied to said first display unit. 

8. The system according to claim 1, characterized 
in that said first display unit is a flat panel display, 
and said means for cutting off power to be supplied 
to said first display unit comprises means (136) for 

so cutting off power for obtaining panel-illuminating 
voltage to be supplied to said flat panel display. 

9. The system according to claim 8, characterized 
in that said flat panel display is a liquid crystal 
display. 

55 10. The system according to claim 8, characterized 
in that said flat panel display is a plasma display. 
11. The system according to claim 8, characterized 
in that said flat panel display is a color panel. 
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12. The system according to claim 9, characterized 
in that said LCD incorporates a back light, and said 
panel illuminating voltage is a voltage for driving 
electroluminescence. 

13. The system according to claim 10, character- 
ized in that the panel illuminating voltage is a 
discharge voltage. 

14. The system according to claim 5, characterized 
in that said detection means comprises a connector 
(C10), and wherein specified pins indicating types 
of said flat panel display are assigned to said 
connector (C10). 

15. The system according to claim 2, characterized 
in that said means for generating the first through 
fourth signals generates said first through fourth 
signals based on data set in a setup process. 

1 6. A display control system characterized by com- 
prising: 

first display control means (131) including a display 
data conversion table (DAC), for driving a first 
display unit using a specified display element; 
second display control means (132) for driving a 
second display unit (46 (45)) using a display ele- 
ment different from that of said first display unit; 
means (201 through 205) for storing set data relat- 
ing to the drive of said first display unit; 
means (CLK-GEN) for supplying a drive clock to 
said display data conversion table; and 
means (208) for inhibiting supply of the drive clock 
to said display data conversion table of said first 
display control means when the set data indicates 
a specific state. 

17. The system according to claim 16, character- 
ized in that the set data includes at least a first 
signal indicating either enable or disable condition 
of said first and second display control means and 
a second signal indicating either enable or disable 
condition of said display data conversion table, and 
wherein said means for inhibiting the supplement 
of the drive clock inhibits the supplement of the 
drive clock to said display data conversion table 
except that when said first and second display 
control means are in the enable condition and 
when said display data conversion table is enabled. 

18. The system according to claim 17, character- 
ized by further comprising means (Figs. 6 and 7) 
for setting an display auto off mode in which the 
supplement of power to said first display unit is cut 
off to be enabled or disabled; and wherein said 
means for inhibiting the supplement of the drive 
clock further comprises means for disabling the 
second signal when no data is input during the 
predetermined period of time while the display auto 
off mode is enabled. 

19. The system according to claim 16, character- 
ized in that said first display unit is a CRT display, 

- and said second display unit is a flat-panel display. 

20. The system according to claim 19, character- 



ized in that said flat panel display is a liquid crystal 
display (LCD). 

21. The system according to claim 19, character- 
ized in that said flat panel display is a plasma 

5 display (PDP). 

22. The system according to claim 19, character- 
ized in that said flat pane! display is a color panel. 

23. The system according to claim 16, character- 
ized in that said display data conversion table is a 

10 CRT palette. 

24. A display control system characterized by com- 
prising: 

first display control means (134) including a 
digital/analog (D/A) converter, for driving a first 

75 display unit (47) using a specific display element; 
means (201 through 205) for storing set data relat- 
ing to the drive of said first display unit; 
a second display units (46 (45)) using a display 
element different from that of said first display unit; 

20 means (207) for supplying power to said digital- 
analog (D/A) converter; and 

means (206) for cutting off current of display signal 
output from said D/A converter of said first display 
control means when the set data indicates a speci- 
25 fled state. 

25. The system according to claim 24, character- 
ized in that the set data includes at least a first 
signal indicating either "enable" or "disable" con- 
dition of said first and second display control 

30 means and a second signal indicating either 
"enable" or "disable" condition of said display data 
conversion table, and wherein said means for cut- 
ting off the current cuts off the current of display 
signal output from said D/A converter except when 

as said first and second display control means are 
enabled and when said display data conversion 
table is enabled. 

26. The system according to . claim 24, character- 
ized in that said current is reference current. 

40 27. The system according to claim 24, character- 
ized by further comprising means for setting a 
display auto off mode in which the supplement of 
power to said first display unit is cut off to be 
enabled or disabled; and wherein said inhibiting 

45 means includes means for disabling the second 
signal when no data is input during the predeter- 
mined period of time while the display auto off 
mode is enabled. 

28. The system according to claim 24, character- 
so ized in that said digital-analog (D/A) converters are 

respectively provided for three primary colors of 
red, green and blue. 

29. The system according to claim 24, character- 
ized in that said first display unit is a CRT display. 

55 and said second display unit is a flat panel display. 

30. The system according to claim 29, character- 
ized in that said flat panel display is a liquid crystal 
display (LCD). 
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31. The system according to claim 29, character- 
ized in that said flat panel display is a plasma 
display. 

32. The system according to claim 29, character- 
ized in that said flat panel display is a color panel. 

33. A display control system characterized by com- 
prising: 

first display control means (132) for driving a first 
display unit (45) using a specific display element; 
second display control means (131) for driving a 
second display unit 47 using a display element 
different from that of said first display unit; 
determining means (211, 212, and 213) for deter- 
mining the use of said first display unit; 
means (209) for supplying a display drive signal to 
said first display unit; and 

means (210 and 214) for locking display drive 
signal of said first display control means to a non- 
driven level when said determining means deter- 
mines that said first display unit is not in use. 

34. The system according to claim 33, character- 
ized in that said first display unit is a liquid crystal 
display, and said second display unit is a plasma 
display; and wherein, using the signal indicating the 
use of said plasma display as an input condition, 
said identifying means operates said locking 
means to lock driving signal of said first display 
control means driving said LCD to the non-driven 
level, when signal indicates the use of said plasma 
display. 

35. The system according to claim 33, character- 
ized in that said first display unit is a liquid crystal 
display, and said second display unit is a CRT 
display; and wherein said display control system 
further comprises means for generating any of or 
combination of a first signal indicating whether said 
second display unit is in use or not, a second 
signal indicating either enable or disable condition 
of said first and second display control means, a 
third- signal indicating either enable or disable con- 
dition of said first display unit, and a fourth signal 
indicating whether said first display unit is in use or 
not, and wherein said locking means includes 
means for locking display drive signal of said first 
display control means to the non-driven level 

" based on any of or combination of the first through 
fourth signals. 

36. The system according to claim 33, character- 
ized in that said first display unit is a liquid crystal 
display (LCD), and wherein said first display control 
means includes a display memory, and wherein the 
display drive signal is composed of any of or 
combination of a row address strobe signal, a col- 
umn address strobe signal, a write enable upper 
signal, a write enable lower signal, a data transfer 
signal, a serial clock, and a memory address. 

37. A display control system characterized by com- 
prising: 



first display control means (132) including a display 
memory (135a t 135b) for driving a first display unit 
(46 (45)) using a specific display element; 
second display control means (131) for driving a 

5 second display unit (47) using a display element 
different from that of said first display unit; 
determining means (211, 212, and 213) for deter- 
mining the use of said first display unit; 
means for supplying display drive signal to said 

70 display memory; and 

means (210 and 214) for locking display drive 
signal to be supplied to said display memory to a 
no-driven level when said determining means de- 
termines the use of said first display unit. 

75 38. A display control system characterized by com- 
prising: 

first display control means (131) including a display 
data conversion table (DAC) and a digital/analog 
(D/A) converter, for driving a first display unit (47) 

20 using a specific display element 

second display control means (132) for driving a 
second display unit (46 (45)) using a display ele- 
ment different from that of said first display unit; 
determining means (211 and 212) for determining 

25 the use of said first display unit; 

means (34) for supplying power to said first and 
second display units; 

means (213) for cutting off power to be supplied to 
said first display unit when said determining means 

*3o determines that said first display unit is not in use; 
means (201 through 205) for storing set data re- 
lated to the driving of said first display unit; 
means (CLK-GEN) for supplying clock pulse to said 
display data conversion table; 

35 means (207) for supplying power to said 
digital/analog (D/A) converter; 

means (209) for supplying display drive signal to 
said first display unit; 

means for cutting off power supply to said D/A 
40 converter and the supplement of the clock pulse to 
said display data conversion table when said set 
data indicates a specific condition; and 
means (210 and 214) for locking display drive 
signal of said first display control means to a non- 
45 driven level when said determining means deter- 
mines that said first display unit is not in use. 
39. A display control method for a display system 
at least having a flat panel display unit and a CRT 
display unit, comprising the steps of: 
so a) detecting a non-use condition of said flat 
panel display unit: and 

b) cutting off the supplement of power to said 
flat panel display unit when said flat panel dis- 
play unit is not in use. 
55 40. A display control method for a display system 
at least having a flat panel display unit and a CRT 
display unit including a CRT palette and a D/A 
converter, comprising the steps of: 



EP 0 419 910 A2 20 



a) detecting a non-use condition of said CRT 
display unit; and 

b) cutting off reference current of display signal 
output from said D/A converter and the supple- 
ment of clock signals to said CRT palette while 5 
said CRT display is not in use. 

41. A display control method for a display system 
at least having a flat panel display unit displaying 
the content of a display memory and a CRT dis- 
play unit, comprising the steps of: 1C 

a) detecting a non-use condition of said flat 
panel display unit; and 

b) locking a drive signal to be supplied to said 
display memory to inoperative level when said 

flat panel display unit is not in use. « 
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